(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) International Publication Date 
9 December 2004 (09.12.2004) 




(10) International Publication Number 

PCT WO 2004/106258 A2 



(51) International Patent Classification 7 : C04B 22/14, 
24/04// 103/10 

(21) International Application Number: 

PCT/EP2004/005647 

(22) Internationa] Filing Date: 26 May 2004 (26.05.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
0312293.4 
0325361.4 



30 May 2003 (30.05.2003) GB 
3 1 October 2003 (3 1 .10.2003) GB 



(71) Applicant (for all designated States except US): CON- 
STRUCTION RESEARCH & TECHNOLOGY 
GMBH [DE/DE]; Dr.-Albert-Frank-Strasse 32, 83308 
Troslberg (DE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): ANGELSKAR, Tcrjc 
[NO/CH]; Honeretshof 6, Berg Dietikon, CH-8048 Zurich 
(CH). 

(74) Common Representative: CONSTRUCTION RE- 
SEARCH & TECHNOLOGY GMBH; Dr.-Al- 
bert-Frank-Strasse 32, 83308 Trostberg (DE). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ t BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, ICE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, S Y, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARJPO (BW, GM, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, Pi; RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and oilier abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the HCf Gazette. 



< 
00 



__ 

T— _ 

^ (54) Title: ADMIXTURE 

Q (57) Abstract: A liquid accelerator composition for sprayed concrete, comprising aluminium sulphate, amorphous aluminium hy- 
droxide, alkanolamine and an organic dibasic acid anhydride. The compositions allow the attainment of high early compressive 
j^- strength, and they can be tailored to give good performance with a wide variety of cement types. 
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ADMIXTURE 

This invention relates to the application of cementitious compositions by spraying and to 
5 accelerator compositions for use therein. 

The use in cementitious compositions such as concrete to be applied by spraying of alkali- 
free accelerators (AFAs) in place of the traditional aluminates and other strongly alkaline 
materials is now well established. The major components of such accelerators are aluminium 
10 compounds, the most commonly encountered being aluminium sulphate and amorphous 
aluminium hydroxide. In addition to these aluminium compounds, a variety of other 
components have been used in such accelerators, these including alkanolamines, other 
aluminium salts (such as oxalates and nitrates) and various organic acids. 

1 5 A major problem in the art is that the rate of hydration of the cement of such compositions is 
often slow between 1 and 8 hours after spraying. In extreme cases, there may be no 
hydration during this period. This means that the development of compressive strength, 
important for the integrity of the surface, is sometimes completely halted for long periods. 
This can result in dangerous conditions, for example, when the composition is sprayed on a 

20 rock face that is broken or fractured, the sprayed layer cannot ensure the integrity of the 
surface. 

The invention therefore provides a liquid accelerator composition for sprayed concrete, 
comprising aluminium sulphate, amorphous aluminium hydroxide, alkanolamine and at least 
25 one of maleic acid, oxalic acid and an organic dibasic acid anhydride. 

The invention further provides a method of spraying concrete on to a substrate comprising 
the steps of forming a concrete mix and conveying this to a spray nozzle for spraying on to 
the substrate, there being injected at the nozzle a liquid accelerator composition as 
30 hereinabove described. 
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Aluminium sulphate is well known as a component of AFAs, and any aluminium sulphate 
known to be useful in such a use may be used in this invention. One of the most common is 
so-called "17%" aluminium sulphate, A1 2 (S0 4 )3.14.3H 2 0, so called because the proportion 
of aluminium oxide A1 2 0 3 therein is 17%. This material is preferred largely because of its 
5 ready availability and good properties, but other aluminium sulphates may also be used. 
The aluminium hydroxide for use in the invention is amorphous aluminium hydroxide, of the 
type frequently used in AFAs. 

Alkanolamines are known as components of AFAs. The preferred material for the purposes 
10 of this invention is diethanolamine. However, other alkanolamines, such as triethanolamine, 
may also be used. 

Organic dibasic acid anhydrides are well-known and readily-available raw materials. The 
best known (and the best for the purposes of this invention) organic dibasic anhydride is 
1 5 maleic anhydride, encountered usually in the field of polymerisation. However, other such 
anhydrides, such as succinic anhydride, may also be used. The organic dibasic acid 
anhydrides provide an improvement setting time (high early strength) of the corresponding 
cement. 

20 It is possible that the accelerator composition additionally contains maleic acid and/ or oxalic 
acid. 

The acids useful for this invention are oxalic acid and maleic acid. It has been found that the 
presence of at least one of these acids enhances the compressive strength of the sprayed 
25 concrete, both initial and final. 

Although not an essential component, an especially preferred component is a water-soluble 
magnesium salt. Any such salt may be used, but the preferred salts are magnesium 
carbonate, or magnesium sulphate or mixtures of these salts. While the magnesium sulphate 
30 used in this invention may be any magnesium sulphate, the preferred magnesium is the 
hydrate MgS0 4 .7H 2 0, known as Epsom Salts. The industrial grade of this material is 
acceptable for the purposes of this invention; it is not necessary to use the medicinal grade. 
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Further optional useful components are phosphor and oxygen containing inorganic acids, 
especially phosphorous acid (H3PO3) or phosphoric acid (H3PO4). It is also possible to use 
admixtures of different phosphor and oxygen containing inorganic acids - for example a 
5 mixture of phosphoric acid and phosphorous acid. 

The proportions of the various components conform to the following proportion ranges, all 
of these being parts by weight: 



10 aluminium sulphate (17%) 20-45 

aluminium hydroxide 1 5-20 
water-soluble magnesium salt 

(e.g. magnesium sulphate) 0-12 

organic dibasic acid anhydride 0.5-6 

15 alkanolamine 0.2-3.0 

C2-C6 dibasic acid 0-8 
phosphor and oxygen containing inorganic acid 

(e.g. phosphorous acid) 0-4 



20 The accelerator composition is used in an aqueous solution. It is dissolved to form a solution 
of about 45-65% solids by weight and dosed into the concrete at the nozzle at a rate 
sufficient to give from 0.5 to 12% accelerator (active ingredients by weight on cement). 

The accelerator compositions of the present invention confer a number of advantages. 

25 Firstly, they give early hydration, essential for the achievement of better rock support. They 
allow a better spraying pattern. This is because a sprayed cementitious composition 
containing this accelerator remains relatively fluid compared with that dosed with known 
accelerator (where it can be already partially dry when it hits the substrate), but it hardens 
more quickly. This has important practical implications; it means that the tendency to trap air 

30 or water under the hardening composition is minimised or even eliminated altogether, which 
means in turn that the integrity of the resulting sprayed layer is better. Thus, spraying on wet 
surfaces is not a problem, as it can be when other accelerators are used. In addition, it means 



WO 2004/106258 



PCT/EP2004/005647 



4 

that the sprayed composition goes more easily around reinforcing bars and grids, leading 
again to better integrity. 

A further advantage is the ability to tailor the accelerator to any given cement type. Because 
5 they are manufactured from different local materials in different localities, cements around 
the world differ markedly in properties and behaviour with admixtures. For example, an 
accelerator that works well with a European cement, may not work very well with a US, 
Japanese or Australian cement. This invention allows the accelerator to be tailored to any 
given cement by varying the nature and proportions of the acids and acid anhydrides. The 
10 skilled person can make the necessary laboratory scale experiments to determine what works 
best in any given circumstances. 

Finally, the accelerators of this invention allow the consistent achievement of a level of 
performance hitherto rarely reached. One recognised standard for sprayed concrete is 

1 5 contained in the Guidelines for Sprayed Concrete of the Oesterreichisher Betonverein 
(Austrian Concrete Society, hereinafter "OeBV"). The important OeBV requirements for 
strength of fresh (not older than 24 hours) sprayed concrete are found on p.24 of the March 
1999 edition. They define the performance by means of various plots of compressive 
strength (ordinate) against time (abscissa), the resulting curves being designated Jj, J2 and J3, 

20 in order of distance from the X-axis, and thus in order of performance and increasing 

desirability. Up to now, it has been difficult to attain the J 3 level when an AFA is used. It is a 
feature of the accelerators of this invention that this elevated performance level can be 
attained. The invention therefore provides a layer of hardening cementitious composition on 
a substrate, whose hardening has been accelerated by an accelerating composition as 

25 hereinabove defined and whose development of compressive strength against time conforms 
at least to the upper part of curve J2 and curve J3 of the OeVB Guidelines. 

The invention is now further described with reference to the following non-limiting 
examples, in which all parts are expressed by weight. 
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Examples 1-3 

Following AFA is prepared by mixing the components listed hereimmder. 

5 Example No. 1 No. la No. lb 

(according to the invention) (comparative example) 

water 

aluminium sulphate (AI2 (SO^. 16H 2 0) 
10 diethanolamine 

magnesium sulphate (MgS04.7H 2 0) 

maleic acid 

maleic anhydride 

oxalic acid dihydrate 
1 5 amorphous aluminium hydroxide 

These are added at a concentration of 7% by weight actives on cement to test mortar mixes 
made up from cement (450 parts), sand of Sieve Line DIN 196-1 (1350 parts) and 0.6% 
(actives on cement) of a commercial polycarboxylate superplasticiser (GLENIUM™ 51 ex 
20 MBT), with a water/cement ratio of 0.4. 

Test specimens of the mortars are made in accordance with European Standard EN 480-1 , 
and they are tested for compressive strength according to EN 12390-3. A number of different 
combinations of cements and AFAs are used, as follows 

25 

Test Specimen A - British OPC (UK OPC : CEM 1 42.5) + Example No. la 

Test Specimen B - Swedish sulphate-resistant OPC (SE OPC : CEM 1 42.5 SR)with low 
sulphate content + Example 1 a 

30 

Test Specimen C - Swedish OPC as above + comparative Example lb 



37.5 
28.0 
0.5 
12.0 

4.0 

18.0 



35,5 

28,0 

0,5 

12,0 

6,0 



18,0 
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The results of the testing are as follows: 



Test Specimen 


A 


B 


C 

(comparative) 


Compressive 
strength (MPa) 


6 hours 


0,3 


2.6 


0.6 


1 day 


22.1 


11.7 


15.2 



5 

A 6-hour compressive strength figure lower than IMPa is regarded as unacceptable. 

The testing provides an interesting example of how the variation of cement type can affect 
the performance of AFAs. Specimens A and B both utilise the AFA of Example 1 a (maleic 
1 0 anhydride) and they have very different performances, with Test Specimen B being 
acceptable and Test Specimen A not. 

In addition the maleic acid-based test specimen C gives an unacceptable result with the 
Swedish OPC, whereas the maleic anhydride-based test specimen B gives an excellent 6- 
1 5 hour result. This shows that it makes a significant difference, if the acid or the corresponding 
acid anhydride is used. 

To place these on the OeVB curves hereinabove mentioned, 
20 Test Specimen A below Ji (unacceptable) 

Test Specimen B higher than J 2 , approaching J3 (good result) 



Test Specimen C just above Jj (unacceptable) 

25 
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Example No. 2 

Aluminium sulfate (Al 2 (S0 4 ) 3 * 1 6 H 2 0 39 weight % 

Diethanol amine 0.5 weight % 

5 Oxalic acid dihydrate 3.0 weight % 

Maleic anhydride 3 .0 weight % 

Amorphous aluminium hydroxide 18.0 weight % 

Phosphorous acid 2 weight % 

Water 34.5 weight % 

10 

This mix provides a "8 hours compressive strength" of 3.3 MPa and a "one day compressive 
strengths" of 28.8 MPa when applied in European Standard EN-196 norm mortar (cement: 
Australian opc CEM 1 42.5). 

15 Example No. 3 

Aluminium sulfate (Al 2 (S0 4 )3 * 16 H 2 0 39 weight % 

Diethanol amine 0.5 weight % 

Maleic acid 6.0 weight % 

20 Amorphous aluminium hydroxide 1 8.0 weight % 

Phosphorous acid 2 weight % 

Water 34.5 weight % 

This mix provides a "8 hours compressive strength" of 0.3 MPa and a "one day compressive 
25 strengths" of 21 .3 MPa when applied in European Standard EN-196 norm mortar (cement: 
Australian opc CEM 1 42.5). 



The "8 hours compressive strength" is deemed to be more important than the "one day 
compressive strength". 

30 
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The composition according the example 2 provides positive results (especially the 8 hours 
value of the compressive strength) in connection with "Australian opc CEM 1 42.5" cement 
but the composition according to example 3 does not work very well with the same cement. 

5 With some minor laboratory experimentation, the skilled person can readily find an 

accelerator to suit any given cement type and produce desirable results. This is essential, as 
cements are generally produced locally and can be completely different from each other. 



10 



15 



20 



25 



30 
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Claims: . 

1 . A liquid accelerator composition for sprayed concrete, comprising aluminium 

5 sulphate, amorphous aluminium hydroxide, alkanolamine and an organic dibasic acid 

anhydride. 

2. A liquid accelerator composition according to claim 1, wherein the composition 
additionally comprises maleic acid and/ or oxalic acid. 

10 

3. A liquid accelerator composition according to claim 1 or 2, wherein the composition 
additionally comprises a water-soluble magnesium salt. 

4. A liquid accelerator composition according to claim 3, wherein the magnesium salt is 
1 5 magnesium carbonate or magnesium sulphate. 

5. A liquid accelerator composition according to any one of the claims 1-4, wherein the 
composition additionally contains a phosphor and oxygen containing inorganic acid. 

20 6. A liquid accelerator composistion according to claim 5, wherein the phosphor and 
oxygen containing inorganic acid is phosphoric acid or phosphorous acid. 

7. A liquid accelerator composition containing the following materials and weight 
proportions: 

25 

aluminium sulphate (17%) 
aluminium hydroxide 
water-soluble magnesium salt 
organic dibasic acid anhydride 
30 alkanolamine 

C2-C6 dibasic acid 

phosphor and oxygen containing inorganic acid 



20-45 

15-20 

0-12 

0.5-6 

0.2-3.0 

0-8 

0-4 
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8. A liquid accelerator according to claim 7, wherein the water-soluble magnesium salt 
is magnesium carbonate or magnesium sulphate. 

5 9. A liquid accelerator according to claim 7 or 8, wherein the phosphor and oxygen 
containing inorganic acid is phosphoric acid or phosphorous acid. 

1 0. A method of spraying concrete on to a substrate comprising the steps of forming a 
concrete mix and conveying this to a spray nozzle for spraying on to the substrate, 
10 there being injected at the nozzle a liquid accelerator composition according to any 

one of claims 1-9. 



